morants since 1992. Relatively large outbreaks occurred in 1995 in Saskatchewan (18, 19) , in 1996 in Ontario, and in 1999 in Alberta (6) . Isolated submissions were also received from different parts of Canada throughout the years 1995 to 2000.
The purpose of this work was to characterize on the molecular level cormorant isolates submitted from 1995 to 2000, confirm their in vivo pathotype by using predicted amino acid composition of the fusion protein cleavage site, and determine their genotype.
Archived cormorant APMV1 isolates (allantoic fluid [AF] from embryonated chicken eggs inoculated with 0.1 ml of 10% homogenate from pooled cormorant tissues), stored at the National Centre for Foreign Animal Disease, Winnipeg, Manitoba, Canada, were used in the molecular analysis. AF was tested for the presence of APMV1 by the hemagglutinationinhibition test (5) . AFs from dead embryonated chicken eggs yielding negative or weak hemagglutinating activity were retested on Vero cells by the indirect immunoperoxidase assay adapted from the work of Afshar et al. (1) . The intracerebral pathogenicity index (ICPI) and the intravenous pathogenicity index (IVPI) were determined as described in the Office International des Epizooties manual of standards (29) . Viral min; holding at 95°C for 5 min; and 30 cycles of 95°C for 60 s, 56°C for 30 s, and 72°C for 30 s. The forward (5Ј-TGTCGCA GTGACTGCTGACC) and reverse (5Ј-GTCAGTGACCTCG TGCACAG) primers yielded an amplicon of approximately 750 nucleotides, which was sequenced with the RT-PCR primers. The ClustalW multiple alignment algorithm (European Bioinformatics Institute) was used to align the sequences, and the obtained PHYLIP output file (J. Felsenstein, Department of Genetics, University of Washington) was applied in TREE-CON, version 1.3b (27) to construct a dendrogram, with the neighbor-joining algorithm (23), based on a distance estimation model of Jukes and Cantor (15) . The 1995 to 2000 AMPV1 isolates from cormorants appear to form a separate cluster from the viruses isolated from cormorants in 1990 and 1992, based on the analysis of the 643-nucleotide sequence spanning from the 5Ј-terminal nucleotides of the matrix protein gene past the fusion protein cleavage site coding sequence and supported by a decrease or lack of hemagglutinating activity not observed for the earlier isolates (Table 1) (11) . The phylogenetic analysis is graphically presented in Fig. 1 . The molecular pathotyping (amino acid sequence of the fusion protein cleavage sites) corresponded with the in vivo pathotyping (Table 1) . Compared to over 400 fusion protein cleavage site sequences published in the GenBank database, this type of cleavage site was identified only in isolates from cormorants, two isolates from exotic birds, and two isolates from pigeons in the United States.
Genetic characterization of the cormorant isolates was performed by evaluation of 374-nucleotide partial sequences of the variable region of the F gene (Fig. 1) , by using corresponding sequences previously published in GenBank. The cormorant isolates appear to form a group related to genotype V in the system proposed by Ballagi-Pordany et al. (3), Lomniczi et al. (20) , and Herczeg et al. (12) . The phylogenetic distance from the "classical" genotype V ranges from 6.15 to 10.2% (distance matrix not shown).
Despite the short sequence used in the analysis, the grouping of the viruses illustrated in Fig. 2 remained close to the grouping in Fig. 1 . (The longest published common nucleotide sequence for the representative viruses of the individual genotypes and the North American isolates of AMPV1 is only 93 nucleotides.) Again all cormorant isolates fell into one subgroup, distinct from the remaining viruses in genotype V. Only the anhinga and two pigeon isolates clustered together with cormorant sequences.
The finding is supported by previous work of other authors. Seal et al. (24, 25, 26) grouped the APMV1 isolated from parrots imported from South America and viruses isolated in the 1971 California epizootic in a way which in essence agrees with genotype V within the system used by European groups (3, 12, 13, 20) . Considering the 6 to 10% phylogenetic distance from the "classical" genotype V, the cormorant isolates may represent a new genotype or a subtype within genotype V (Fig.  1) . Clinical signs in cormorants reported for all the outbreaks indicated involvement of the central nervous system, and the isolates were considered neurotropic, velogenic, or mesogenic (4, 6, 10, 11, 18, 19, 21) . Regretfully, Canada does not employ an in vivo pathogenicity test for chickens which allows distinction between viscerotropic and neurotropic isolates.
This work suggests that the 1995 to 2000 APMV1 isolates from cormorants may represent an indigenous APMV1 genotype present in the free-living wild bird population in North America, possibly waterfowl (14, 17) , which intermittently causes high mortality in species such as cormorants or pigeons. Despite the rigorous biosecurity measures within the poultry industry, there is always the possibility of further spillover into domestic poultry as suggested during the 1992 cormorant outbreak, when a virus simultaneously isolated from a Newcastle disease virus outbreak in turkeys was closely related to the cormorant isolate from Minnesota (24) .
